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7UDQVDFWLRQVRIWKH%ULWLVK&DYH5HVHDUFK$VVRFLDWLRQ
%DFNJURXQG
&OLPDWLFIOXFWXDWLRQVDIIHFWWKHPDVVEDODQFHRIWKH*UHHQODQG,FH
6KHHW*U,6FDXVLQJLWWRH[SDQGUHFHGHWKLFNHQWKLQVSHHGXS
RUVORZGRZQLQUHVSRQVHWRFKDQJHVLQVXUIDFHPHOWLQJVQRZIDOO
LFHEHUJFDOYLQJDQGVXEPDULQHPHOWLQJ0F0LOODQHWDO
)DUIURPLWVPDUJLQDWKLJKHOHYDWLRQVZKHUHLFHLVIRUPHGE\WKH
JUDGXDOFRPSUHVVLRQRIVQRZE\VXEVHTXHQWDFFXPXODWLRQ WKH
LFHVKHHW¶VWRSRJUDSK\DQGIORZPD\UHVSRQGRQO\RYHUKXQGUHGV
RUWKRXVDQGVRI\HDUVWRFKDQJHVLQFOLPDWH$OOH\HWDO
$W ORZHU HOHYDWLRQV KRZHYHU ZKHUH VXUIDFH PHOWZDWHU PD\
DFFHVVWKHEDVHRIWKHLFHDQGOXEULFDWHLWVIORZDQGRFHDQZDWHUV
PHOWWLGHZDWHUJODFLHUWHUPLQLUHGXFLQJWKHVWUHVVHVWKDWUHVLVWLFH
IORZ FOLPDWHUHODWHG YDULDWLRQV LQ LFHVKHHW PDVV EDODQFH DQG
WRSRJUDSK\FDQRFFXURQDQQXDODQGVKRUWHU WLPHVFDOHV7UXVHO
HW DO  6XFK FKDQJHV DUH LPSRUWDQW JOREDOO\ EHFDXVH DQ
LQFUHDVHLQPDVVORVVIURPWKHLFHVKHHWFRQWULEXWHVWRJOREDOVHD
OHYHOULVH6/5DQGWRWDOZDVWLQJRIWKH*U,6ZRXOGFDXVHDQ
HVWLPDWHGP6/5%DPEHUHWDO
,QYHVWLJDWLRQVWRFRQVWUDLQUHWUHDWRIWKH*UHHQODQG,FH6KHHW
JODFLDOJHRPRUSKRORJ\DQGVDPSOLQJIRUFRVPRJHQLFH[SRVXUHGDWLQJ
RIWKH&HQWUXPV¡DUHD.URQSULQV&KULVWLDQ/DQGQRUWKHDVW*UHHQODQG
$QGUHZ-62/(ÈGDP,*1e&=,03DXO60,7+DQG&KULV'&/$5.
'HSDUWPHQWRI*HRJUDSK\8QLYHUVLW\RI6KHIILHOG8.
2[IRUG8QLYHUVLW\0XVHXPRI1DWXUDO+LVWRU\8QLYHUVLW\RI2[IRUG8.
&RUUHVSRQGHQFHDVROH#VKHIILHOGDFXN
$EVWUDFW2YHUWKHODVWIHZGHFDGHVDWPRVSKHULFZDUPLQJDFURVVWKH$UFWLFKDVEHHQIDUPRUHUDSLGWKDQ
HOVHZKHUHLQWKHZRUOGFRQWULEXWLQJWRDQLQFUHDVHLQWKHVHDOHYHOFRQWULEXWLRQIURPWKH*UHHQODQG,FH
6KHHW*LYHQSUHGLFWLRQVRIFRQWLQXLQJDWPRVSKHULFZDUPLQJGXULQJWKHVWFHQWXU\DQGEH\RQGLW LV
FUXFLDOWRXQGHUVWDQGKRZWKHLFHVKHHWKDVUHVSRQGHGWRSDVWYDULDWLRQVLQFOLPDWH.URQSULQV&KULVWLDQ
/DQGOLHVLQDFOLPDWLFDOO\VHQVLWLYH\HWVSDUVHO\VWXGLHGSDUWRIQRUWKHDVW*UHHQODQGLQDQLQWHULFHVWUHDP
UHJLRQMXVWQRUWKRI1LRJKDOYIMHUGVEUDH7KLVSDSHUSUHVHQWVWKHUHVXOWVRISUHOLPLQDU\JHRPRUSKRORJLFDO
PDSSLQJIURPDPVSDWLDOUHVROXWLRQGLJLWDOHOHYDWLRQPRGHORIDNPUHJLRQDURXQG&HQWUXPV¡
DVZHOODVDUHSRUWRIVDPSOLQJIRUFRVPRJHQLFH[SRVXUHGDWLQJDQGILHOGREVHUYDWLRQVFRQFHUQLQJWKH
H[WHQWDQGQDWXUHRISDODHRLFHFRYHUDJHDQGG\QDPLFV7ZHQW\RQHNJVDPSOHVZHUHFROOHFWHGIURP
FDUHIXOO\VHOHFWHGJODFLDOHUUDWLFVRIYDULRXV OLWKRORJLHVXVLQJDKDPPHUDQGFKLVHODVZHOODVDVPDOO
DQJOHJULQGHU,QJHQHUDOPRUDLQHULGJHVLQWKHVWXG\DUHDDUHUHODWLYHO\VPDOO±PLQKHLJKWDQG
ODFN D SURPLQHQW SHDN UHIOHFWLQJ OLPLWHG VHGLPHQW DYDLODELOLW\ DQG VXJJHVWLQJ VRPH SRVWJODFLDO UH
PRELOL]DWLRQ RI VHGLPHQW RU GHIODWLRQ FDXVHG E\ PHOWLQJ RI WKH PRUDLQHV¶ LFH FRUHV 6WULDWHG FREEOHV
DQGERXOGHUVL]HGFODVWVZHUHREVHUYHGDWXSWRPDVOVXEURXQGHGHUUDWLFVVRPHRIZKLFKZHUH
VDPSOHGDWXSWRPDVODQGVWUHDPOLQHGEHGURFNDWXSWRPDVODOORIZKLFKLQGLFDWHVOLGLQJ
EHWZHHQWKHLFHDQGWKHEHGURFNDQGWHPSHUDWHEDVDOFRQGLWLRQV,QDGGLWLRQVHYHUDOSURJODFLDOVSLOOZD\V
ZHUHQRWHGDORQJZLWKQXPHURXVWHUUDFHVFRPPRQO\VLWXDWHGEHWZHHQODWHUDOPRUDLQHVDQGYDOOH\VLGHV
ZKLFKDUHSUREDEO\NDPHWHUUDFHVIRUPHGE\JODFLRIOXYLDOWUDQVSRUWDQGGHSRVLWLRQ7KHSUHYDOHQFHRI
WKHVHODQGIRUPVLQGLFDWHVVLJQLILFDQWJODFLRIOXYLDODFWLRQUHTXLULQJODUJHYROXPHVRIPHOWZDWHUVXJJHVWLQJ
WKLVUHJLRQH[SHULHQFHGKLJKYROXPHPHOWLQVKRUWLQWHQVLYHVXPPHUVGXULQJSDVWLFHUHFHVVLRQHYHQWV
.H\ZRUGV*UHHQODQG,FH6KHHWJODFLDOJHRPRUSKRORJ\FOLPDWHFKDQJHFRVPRJHQLFH[SRVXUHGDWLQJ
.URQSULQV&KULVWLDQ/DQG1RUWKHDVW*UHHQODQG1DWLRQDO3DUN
5HFHLYHG0D\$FFHSWHG-XQH
'XULQJWKHSDVWIHZGHFDGHVDWPRVSKHULFZDUPLQJDFURVVWKH
$UFWLFKDVEHHQVLJQLILFDQWO\IDVWHUWKDQLQWKHUHVWRIWKHZRUOG
'DLHWDO7KLVDORQJZLWKEURDGO\V\QFKURQRXVRFHDQ
ZDUPLQJ5LJQRWHWDOKDVOHGWRDVL[IROGLQFUHDVHLQ
PDVV ORVV IURP WKH *U,6 VLQFH WKH V ZLWK DQ DYHUDJH RI
   JLJDWRQQHV RU *W\U PP\U 6/5 LQ ±
0RXJLQRW HW DO  DQG D JUHDWHVW PDVV ORVV UHFRUGHG WR
GDWHRI!*WPP6/5LQYDQGHQ%URHNHHWDO
1RWHWKDWWKHPHOWLQJRIRQHJLJDWRQQHîWRQQHVRI
LFHSURGXFHVDOPRVWDFXELFNLORPHWUHRIPHOWZDWHU3UHGLFWLYH
PRGHOVVXJJHVW WKDW WKHFRQWULEXWLRQWRVHDOHYHOULVHIURPWKH
*U,6ZLOOFRQWLQXHWRLQFUHDVHRYHUWKHFRPLQJGHFDGHV*RHO]HU
HWDOEXWFRQVLGHUDEOHXQFHUWDLQW\UHPDLQVEHFDXVHWKHUH
DUHJDSV LQ WKHVFLHQWLILFXQGHUVWDQGLQJRIFRPSOH[QRQOLQHDU
LQWHUDFWLRQVEHWZHHQWKHLFHVKHHWDWPRVSKHUHDQGRFHDQ
*LYHQWKLVXQFHUWDLQW\ LQDGGLWLRQWRQXPHULFDOPRGHOOLQJDQG
FRQWHPSRUDU\SURFHVVEDVHGUHVHDUFKLWLVFUXFLDOWRXQGHUVWDQGKRZ
WKHLFHVKHHW¶VSUHYLRXVH[WHQWDQGYROXPHUHODWHWRSDVWYDULDWLRQV

&DYHDQG.DUVW6FLHQFH9RO1R± *ODFLDOJHRPRUSKRORJ\DQGVDPSOLQJIRUFRVPRJHQLFH[SRVXUHGDWLQJ±&HQWUXPV¡DUHD
LQFOLPDWH9LQWKHUHWDO6XFKLQIRUPDWLRQFDQEHGHGXFHG
IURP YDULRXV SDODHRFOLPDWH DQG SDODHRLFHYROXPH SUR[LHV VXFK
DV LVRWRSH DQG VHGLPHQW DQDO\VLV LQ RFHDQVHGLPHQW FRUHV HJ
$QGUHVHQ HW DO  '\NH HW DO  LVRWRSH DQDO\VLV DQG
PHDVXUHPHQWVRIJDVFRQFHQWUDWLRQVLQLFHFRUHVHJ9LQWKHUHWDO
LQYHVWLJDWLRQRIJODFLRLVRVWDWLFDGMXVWPHQWDQGUHODWLYHVHD
OHYHOFKDQJHVIURPVDOWPDUVKHVDQGLVRODWLRQEDVLQVHJ/HFDYDOLHU
HWDO6WUXQNHWDODQGWKHHVWLPDWLRQRIIRUPHULFH
H[WHQWV DQG YROXPHV IURP UHOLFW ODQGIRUPV HJ &KDQGOHU HW DO
+HUH WKH ODWWHU DSSURDFK LV HPSOR\HG LQYROYLQJPDSSLQJ
LQWHUSUHWLQJDQGGDWLQJJODFLDOODQGIRUPVLQFOXGLQJPRUDLQHVULGJHV
RI VHGLPHQWGHSRVLWHGE\ WKH LFH HUUDWLFV ERXOGHUVRIQRQORFDO
OLWKRORJ\HURGHGDQGFDUULHGE\WKHLFHJODFLDOO\HURGHGEHGURFN
VXUIDFHVDQGJODFLRIOXYLDOIHDWXUHV0RUDLQHVPDUNHLWKHUWKHPRVW
H[WHQVLYH LFH H[WHQW RU D VLJQLILFDQW SDXVH RU UHDGYDQFH GXULQJ
UHWUHDWWKHORFDWLRQRIHUUDWLFVUHODWLYHWRWKHLUVRXUFHOLWKRORJ\FDQ
EHXVHGWRGHWHUPLQHSDVWLFHIORZGLUHFWLRQDQGWKHRFFXUUHQFHRI
VWUHDPOLQHGEHGURFNLQGLFDWHVDEUDVLRQFDXVHGE\LFHVOLGLQJ
7KHUH LV HYLGHQFH RI LFH FRYHU LQ *UHHQODQG DV ORQJ DJR DV
 PLOOLRQ \HDUV 7ULSDWL DQG 'DUE\  ZLWK VLJQV RI PRUH
FRQVLVWHQWJODFLDWLRQRIVRPHNLQGPRXQWDLQJODFLHUVLFHFDSVDQG
SHUKDSVDODUJHULFHVKHHWIURPDWOHDVWPLOOLRQ\HDUVDJR6LQFH
WKDW WLPH WKH LFH VKHHW KDV ZD[HG DV DWPRVSKHULF WHPSHUDWXUHV
UHGXFHG DQG ZDQHG DV WKH\ KDYH LQFUHDVHG $OOH\ HW DO 
%LHUPDQHWDO.QXW]HWDO7KHUH LVHYLGHQFHWKDW
GXULQJWKHVHZDUPHUSHULRGVVQRZIDOOLQFUHDVHGEXWQRWE\HQRXJK
WRFRPSHQVDWHIRUWKHPDVVORVWE\DEODWLRQSURFHVVHV,WLVSRVVLEOH
WKDW IRU H[WHQGHG SHULRGV GXULQJ WKH 3OHLVWRFHQH  ± 
WKRXVDQG\HDUVDJRRUµND¶WKHLFHVKHHW¶VYROXPHUHGXFHGE\XS
WR UHODWLYH WR LWV FXUUHQW VL]HZLWK MXVW D UHPQDQW LFH VKHHW
UHPDLQLQJLQWKH(DVW*UHHQODQGKLJKODQGV6FKDHIHUHWDO
2YHU WKH SDVW PLOOLRQ \HDUV WKH *U,6 KDV IOXFWXDWHG LQ YROXPH
DURXQGLWVFXUUHQWVWDWH)RUH[DPSOHEHWZHHQDERXW±ND
WKHLFHVKHHWZDVPRUHH[WHQVLYHWKDQLWLVQRZDGD\V5REHUWVHW
DO  ZKLOH DW WKH /DVW ,QWHUJODFLDO (HPLDQ DERXW ND
ZKHQ-XO\WHPSHUDWXUHVZHUHDWOHDVWWR&ZDUPHUWKDQQRZ
0F)DUOLQHWDOH[WHQVLYHVXUIDFHPHOWLQJRFFXUUHGIDUIURP
WKHLFHVKHHW¶VPDUJLQDWKLJKHOHYDWLRQV'DKO-HQVHQHWDO
UHVXOWLQJ LQ D FRQWULEXWLRQ WRJOREDOPHDQ VHDOHYHO RI ±P
UHODWLYH WR WKH3UHVHQW 9DVVNRJHWDO*HRPRUSKRORJLFDO
PDSSLQJ DQG GDWLQJ RI ODQGIRUPV LQ VRXWKHDVWHUQ *UHHQODQG
5REHUWV HW DO $UQGW  DQG VHDIORRU ODQGIRUPV DQG
DFRXVWLFVWUDWLJUDSKLFDOUHFRUGVLQZHVWHUQ*UHHQODQG'RZGHVZHOO
HWDOLQGLFDWHWKDWDWWKHWLPHRIWKH/DVW*ODFLDO0D[LPXP
/*0±DSSUR[LPDWHO\NDWKHLFHVKHHWLQWKHVHUHJLRQVUHDFKHG
WR WKHFRQWLQHQWDO VKHOIHGJHZLWKVWULDWHGFODVWVDQGRWKHUVLJQV
RI ZDUPEDVHG LFH DW HOHYDWLRQV RI XS WR P DERYH VHD OHYHO
DVOLQWKHVRXWKHDVW*HRPRUSKRORJLFDOHYLGHQFHIURPQRUWKHDVW
*UHHQODQGDOVRLQGLFDWHVWKDWLFHUHDFKHGWKHFRQWLQHQWDOVKHOIHGJH
HJ$UQGWHWDOEXWGHWDLOVRIWKHUHODWHGJHRFKURQRORJ\
DUHOLPLWHGRUSRRUO\FRQVWUDLQHG/DUVHQHWDO,WWKHUHIRUH
UHPDLQVSRVVLEOH WKDW WKH VKHOIHGJHHYLGHQFH UHODWHV WR DQROGHU
DGYDQFHZLWKDPRUHPRGHVWLFHH[SDQVLRQFRYHULQJRQO\SDUWVRI
WKHLQQHUPLGGOHFRQWLQHQWDOVKHOIGXULQJWKH/*0(YDQVHWDO
)XQGHUDQG+DQVHQ9DVVNRJHWDO
6LQFH WKH /*0 WKH LFH VKHHW KDV H[SHULHQFHG DQ RYHUDOO
UHGXFWLRQ LQ YROXPH DQG H[WHQW DOEHLW DW D VSDWLDOO\ YDULDEOH
UDWH DQG SXQFWXDWHG ZLWK UHODWLYHO\ EULHI SHULRGV RI H[SDQVLRQ
IRU H[DPSOH GXULQJ WKH<RXQJHU 'U\DV D SHULRG RI ZLGHVSUHDG
FRROLQJZLWKWHPSRUDU\UHWXUQWRJODFLDOFRQGLWLRQV±ND
/DUVHQHWDO9DVVNRJHWDO%\WKHHQGRIWKHPLG
+RORFHQH ZKLFK ZDV FKDUDFWHUL]HG E\ WHPSHUDWXUHV aq±q&
DERYH WKH WKFHQWXU\ DYHUDJH PXFK RI WKH *U,6 KDG UHFHGHG
EH\RQGLWVSUHVHQWGD\H[WHQWE\XSWR!NPLQZHVW*UHHQODQG
<RXQJDQG%ULQHUNPLQVRXWK*UHHQODQGDQGNPLQ
QRUWK*UHHQODQG$OOH\HWDO6XEVHTXHQWO\WKHLFHVKHHW
H[SDQGHGWRUHDFKLWVPD[LPXP1HRJODFLDOH[WHQWGXULQJWKH/LWWOH
,FH$JH±&(&RPPRQ(UD9DVVNRJHWDO
EHIRUHUHFHGLQJWRLWVSUHVHQWGD\FRQILJXUDWLRQ
7KLV UHSRUW SUHVHQWV DQ LQLWLDO LQWHUSUHWDWLRQ RI WKH JODFLDO
ODQGIRUPVRIWKH&HQWUXPV¡DUHD.URQSULQV&KULVWLDQ/DQG.&/
QRUWKHDVW*UHHQODQGIURPILHOGDQGVDWHOOLWHEDVHGPDSSLQJDQG
DQDFFRXQWRI WKHVDPSOLQJRIHUUDWLFV IRUFRVPRJHQLFH[SRVXUH
GDWLQJ 0DSSLQJ DQG VDPSOLQJ ZHUH FDUULHG RXW DV SDUW RI WKH
*UHHQODQG&DYHV3URMHFWH[SHGLWLRQWR.&/LQWKH1RUWKHDVW
*UHHQODQG1DWLRQDO3DUN 0RVHOH\7KHRYHUDUFKLQJDLP
RI WKHH[SHGLWLRQZDV WRDXJPHQW WKHH[LVWLQJ UHFRUGRISDODHR
FOLPDWHGDWDIURP*UHHQODQGLFHFRUHV'DKO-HQVHQHWDO
DQGWRH[WHQGWKHUHFRUGEH\RQGLWVFXUUHQWOLPLWDWNDXVLQJ
FDOFLWHIORZVWRQHVDPSOHVFROOHFWHGIURPVROXWLRQFDYHV0RVHOH\
HW DO  'HWDLOV RI SUHOLPLQDU\ ILQGLQJV LQFOXGHG KHUH
SURYLGHDEDVLV IRU IXUWKHU LQYHVWLJDWLRQV WKDWFRXOGFKDUDFWHUL]H
WKH IOXFWXDWLRQ RI WKH LFH VKHHW LFH FDSV DQG JODFLHUV LQ WKLV
UHPRWHDQGVSDUVHO\VWXGLHGDUHDRI*UHHQODQGDQGSURYLGHXVHIXO
FRUURERUDWLRQRISUR[\FOLPDWHGDWDLQFOXGLQJWKRVHREWDLQHGIURP
FDYHIORZVWRQHV
)LHOGVLWH
.&/ OLHV EHWZHHQ WKH 1LRJKDOYIMHUGVEUDH  GHJUHHV QRUWK
*ODFLHUFDOYLQJIURQWDSSUR[LPDWHO\NPWRWKHVRXWKHDVWDQG
0\OLXV(ULFKVHQ/DQGWRWKHQRUWKZHVW)LJ,QYHVWLJDWLRQVZHUH
IRFXVVHGRQ WKH UHJLRQDURXQG&HQWUXPV¡/DWq/RQJ
íq LQVLGH WKH EODFN UHFWDQJOH LQ )LJ 7KH VXUURXQGLQJ
WRSRJUDSK\ LVGRPLQDWHGE\D±PSODWHDXFRQVLVWLQJRI
2UGRYLFLDQ±6LOXULDQOLPHVWRQHDQGGRORVWRQHRIWKH%¡UJOXP5LYHU
7XUHV¡2GLQV)MRUG DQG6DPXHOVHQ+¡M IRUPDWLRQV WR WKHZHVW
DQGFRQJORPHUDWHVDQGVWRQHDQGPXGVWRQHRIWKH1HRSURWHUR]RLF
5LYLHUDGDO*URXSWRWKHHDVW+LJJLQV6PLWKDQG5DVPXVVHQ
7KH KLJKHUHOHYDWLRQ WHUUDLQ LV FXW WKURXJK E\ VHYHUDO ±
NPZLGHJODFLDOO\HURGHGYDOOH\VZKLFKFXUUHQWO\KRVWVHDVRQDO
SURJODFLDOULYHUVFDUU\LQJPHOWZDWHUUXQRIIIURPWKH*U,6ZKRVH
QRUWKHDVWHUQ PDUJLQ OLHV WR WKH VRXWKZHVW RI WKH VWXG\ DUHD DQG
IURPVHYHUDOSODWHDXLFHFDSVRIEHWZHHQDQGNP
7KHSDUWRIWKH*U,6WKDWERUGHUV.&/LVWHUUHVWULDOO\WHUPLQDWLQJ
DQGSUHGRPLQDQWO\FROGEDVHGPHDQLQJWKDWWKHLFHLVIUR]HQWRLWV
VXEVWUDWH0DF*UHJRUHWDO3UHFLSLWDWLRQGHFUHDVHVLQODQG
IURP WKH VXEKXPLG FRDVWDO DUHD ZLWK ±PP DQQXDOO\
WRZDUGV WKH LFHVKHHW PDUJLQ ZLWK OHVV WKDQ PP :HLGLFN
7KHVQRZDFFXPXODWLRQUDWH LVFRUUHVSRQGLQJO\ ORZDQG
FRPELQHGZLWKWKHFROGEDVHGLFHDQGPLQLPDOEDVDOLFHPRWLRQ
OHDGV WR UHODWLYHO\ PRGHVW IORZ YHORFLWLHV RI OHVV WKDQ P\U
-RXJKLQHWDO7KH3ULQVHVVH&DUROLQH0DWKLOGH$OSHUWR
WKHHDVWRIWKHVWXG\DUHDDUHGUDLQHGE\VHYHUDOPDULQHWHUPLQDWLQJ
JODFLHUVWKDWUHDFKVSHHGVRIP\UDVZHOODVVORZHUIORZLQJ
\HWVSHFWDFXODUSLHGPRQWOREHV:HLGLFN
:KHUHDVVXUURXQGLQJUHJLRQVKDYHSUHYLRXVO\EHHQ WKH IRFXV
RISDODHRFOLPDWLFDQGSDODHRJODFLRORJLFDODQDO\VHVHJ(YDQVHW
DO/DQGYLNHWDO/DUVHQHWDO=HNROODULHWDO
.&/LWVHOIKDVUHFHLYHGUHODWLYHO\OLWWOHDWWHQWLRQ±SHUKDSV
GXH WR ORJLVWLFDOGLIILFXOWLHV LQUHDFKLQJ LWV LQWHULRU ,W LV WKRXJKW
WKDW WKH*U,6FRDOHVFHGZLWK ORFDO LFHFDSVDQGH[WHQGHGDFURVV
3HDU\/DQGDWWKH/*0/DQGYLNHWDOZKHUHWKHUHLVFOHDU
HYLGHQFHRID±NPLFHFDSRXWOHWJODFLHUDGYDQFHDQGVXEVHTXHQW
UHWUHDWGXULQJWKH<RXQJHU'U\DVFRROLQJZKLFKLVWKRXJKWWRKDYH
EHHQPRUHSURPLQHQWWKDQIDUWKHUVRXWKLQ*UHHQODQGGXHWRWKH
GLVWDQFH IURP WKH FOLPDWHPRGXODWLQJ LQIOXHQFH RI WKH $WODQWLF
0HULGLRQDO2YHUWXUQLQJ&LUFXODWLRQ/DUVHQHWDO*LYHQ
WKH SUR[LPLW\ RI WKH FROG (DVW *UHHQODQG FXUUHQW ZKLFK IORZV
VRXWKZDUGVIURPWKH$UFWLF2FHDQWKURXJK)UDP6WUDLWLWVHHPV
OLNHO\ WKDW WKH<RXQJHU 'U\DV JODFLDO DGYDQFH ZLOO EH VLPLODUO\
SURPLQHQWLQ.&/5DGLRFDUERQGDWLQJ/DQGYLNHWDODQG
PRGHOOLQJ =HNROODULHW DO  VXJJHVW WKDW WKH+DQV7DXVHQ
,VNDSSHWKHODUJHVWDQGKLJKHVWHOHYDWLRQLFHFDSLQ3HDU\/DQG
SDUWO\GHJODFLDWHGE\WKHHQGRIWKHPLG+RORFHQHDSSUR[LPDWHO\
±ND7KLVDJUHHVEURDGO\ZLWKWKHUHFRQVWUXFWHGHYROXWLRQ
RI)ODGH,VEOLQN+MRUWVLWXDWHGFNPWRWKHQRUWKHDVW
DQGWKHUHIRUHVXJJHVWVWKDWPDQ\RIWKHVPDOOHUORZHUHOHYDWLRQ
LFHFDSVLQQRUWKHDVW*UHHQODQGLQFOXGLQJWKRVHLQ.&/SUREDEO\
&DYHDQG.DUVW6FLHQFH9RO1R± *ODFLDOJHRPRUSKRORJ\DQGVDPSOLQJIRUFRVPRJHQLFH[SRVXUHGDWLQJ±&HQWUXPV¡DUHD

GLVDSSHDUHGFRPSOHWHO\GXULQJWKLVSHULRGEXWUHIRUPHGODWHULQ
WKH +RORFHQH 1LRJKDOYIMHUGVEUDH WKH ODUJH PDULQHWHUPLQDWLQJ
JODFLHU WR WKH VRXWK RI .&/ UHVSRQGV WR VXEWOH YDULDWLRQV LQ
FOLPDWH±SULQFLSDOO\DWPRVSKHULFDQGRFHDQ WHPSHUDWXUHV±EXW
UHPDLQV OHVVVHQVLWLYH WKDQ ODUJH WLGHZDWHUJODFLHUVIDUWKHUVRXWK
LQ*UHHQODQGSHUKDSVGXHWRWKHEXWWUHVVLQJHIIHFWRIIDVWVHDLFH
/DUVHQHWDO7KHJODFLHU¶VFDOYLQJ IURQWH[WHQGHG±
NPEH\RQGLWVFXUUHQWSRVLWLRQDWWKH/*0EXWDSSUR[LPDWHO\
NP EHKLQG LW GXULQJ WKH PLG+RORFHQH FOLPDWLF RSWLPXP
/DUVHQHWDOFRLQFLGLQJZLWKUHGXFHGWRYDULDEOHUHJLRQDO
VHDLFHFRYHU6\ULQJHWDO'HVSLWHLWVSUR[LPLW\WRDUHDV
RIFRQWHPSRUDU\RUDQFLHQWIDVWLFHIORZ.&/KDVOLNHO\UHPDLQHG
DQ LQWHULFHVWUHDPDUHD VLQFHDW OHDVW WKH/*0 LQGLFDWLQJKLJK
SUHVHUYDWLRQSRWHQWLDOIRUJODFLDOODQGIRUPVWKDWFRXOGUHYHDOH[WUD
LQIRUPDWLRQ DERXW ORFDO DQG UHJLRQDO LFHPDVV IOXFWXDWLRQV HJ
.ODJHVHWDO
0RGHOOLQJ RI WKH *U,6 GXULQJ WKH /DVW ,QWHUJODFLDO ZKHQ
DQQXDODWPRVSKHULFWHPSHUDWXUHVDUHWKRXJKWWRKDYHEHHQVLPLODU
WRWKRVHSUHGLFWHGIRUWKHHQGRIWKHVWFHQWXU\LQGLFDWHVWKDW
WKHQRUWKHDVWVHFWRULVPRVWYXOQHUDEOHWRDWPRVSKHULFZDUPLQJ
EHFDXVH HYHQDPRGHVW LQFUHDVH LQPHOW UHPRYHVPDQ\\HDUV
RI DFFXPXODWLRQ %RUQ DQG 1LVDQFLRJOX  )XUWKHUPRUH
XQOLNH IRU PRUH VRXWKHUO\ SDUWV RI WKH LFH VKHHW LQFUHDVHG
WHPSHUDWXUHVGRQRWEULQJDQDVVRFLDWHGLQFUHDVHLQDFFXPXODWLRQ
%RUQ DQG 1LVDQFLRJOX  DQG KLJK EDVDO VOLGLQJ UDWHV
LQODQGRI1LRJKDOYIMHUGVEUDHGXHWRHOHYDWHGJHRWKHUPDOKHDW
IOX[PHDQWKDWEHGWRSRJUDSK\LVUHDGLO\WUDQVIHUUHGWRWKHLFH
VXUIDFHSURYLGLQJGHSUHVVLRQVWRKRVWVXUIDFHODNHVDVVXUIDFH
DEODWLRQLQFUHDVHVIXUWKHUKDVWHQLQJPDVV ORVV,JQHF]LHWDO
,WLVFOHDUWKHUHIRUHWKDWDEHWWHUXQGHUVWDQGLQJRIKRZ
JODFLHUVLFHFDSVDQGWKHLFHVKHHWLQQRUWKHDVW*UHHQODQGKDYH
UHVSRQGHG WRSDVW FOLPDWLFFKDQJHV LV FUXFLDO WRSUHGLFWLRQRI
WKHLUIXWXUHEHKDYLRXU
'DWDFROOHFWLRQ
*HRPRUSKRORJLFDOPDSSLQJ
0DSSLQJRIJODFLDOJHRPRUSKRORJ\LVDZHOOHVWDEOLVKHGWHFKQLTXH
IRUGHOLQHDWLQJWKHH[WHQWDQGYROXPHRIIRUPHULFHPDVVHVDQG
GHWHUPLQLQJWKHGLUHFWLRQDQGPHFKDQLVPRILFHIORZ:DJQHU
 &KDQGOHU HW DO  0DSSLQJ FDQ EH XQGHUWDNHQ LQ
WKHILHOGEXWGXHWRWLPHDQGORJLVWLFDOFRQVWUDLQWVWKLVLVRIWHQ
OLPLWHG WR UHODWLYHO\ VPDOO DUHDV 2YHU WKH SDVW IHZ GHFDGHV
EURDGVFDOHVDWHOOLWHGHULYHGGDWDVHWV LQFOXGLQJRSWLFDO LPDJHU\
DQGSURGXFWVVXFKDVJULGGHG'LJLWDO(OHYDWLRQ0RGHOV'(0V
KDYHHQDEOHGODUJHVFDOHPDSSLQJE\KDQGGLJLWL]LQJODQGIRUPV
LQWR*HRJUDSKLFDO,QIRUPDWLRQ6\VWHPV*,63ULRUWRWKHILHOG
H[SHGLWLRQ SURVSHFWLYH PDSSLQJ RI ODQGIRUPV DVVRFLDWHG ZLWK
IRUPHU LFH PDUJLQV ZDV XQGHUWDNHQ XVLQJ WKH PUHVROXWLRQ
$UFWLF'(0SJFXPQHGXGDWDDUFWLFGHPGHULYHGIURPVWHUHR
SKRWRJUDPPHWU\RIKLJKUHVROXWLRQRSWLFDOVDWHOOLWHLPDJHV1RK
DQG+RZDWWRKHOSWDUJHWVXLWDEOHORFDWLRQVIRUFRVPRJHQLF
H[SRVXUHVDPSOLQJDQGPRUHGHWDLOHG ILHOGPDSSLQJ &KDQGOHU
HWDO$µKLOOVKDGHG¶YHUVLRQRIWKH'(0ZDVXVHGZLWK
DUWLILFLDO LOOXPLQDWLRQ IURPVHYHUDOGLUHFWLRQVDQGHOHYDWLRQV WR
KLJKOLJKW UHOLHI ZLWK GLIIHUHQW DVSHFWV DQG DYRLG D]LPXWK ELDV
6PLWKDQG&ODUN
)LJXUH0DSRIQRUWKHDVW*UHHQODQGVKRZLQJNH\ORFDWLRQVDQGIHDWXUHVGHVFULEHGLQWKHWH[WDQGWKHPDSSLQJVWXG\DUHDGHOLQHDWHGE\WKHEODFNUHFWDQJOH6KDGHGWRSRJUDSKLFDOGDWDDUHIURPWKH$UFWLF'(0SJFXPQHGXGDWDDUFWLFGHP,QVHWVKRZVWKH*6++*RXWOLQHRI*UHHQODQGZZZ
VRHVWKDZDLLHGXSZHVVHOJVKKJDQGWKH*UHHQODQG0DSSLQJ3URMHFWLFHPDVNQVLGFRUJGDWDPHDVXUHVJLPS

&DYHDQG.DUVW6FLHQFH9RO1R±
6DPSOLQJIRUFRVPRJHQLFH[SRVXUHGDWLQJ
%RPEDUGPHQWRIH[SRVHGURFNVXUIDFHVE\FRVPLFUD\VFDXVHV
VSDOODWLRQUHDFWLRQVFUHDWLQJLVRWRSHVZKLFKDFFXPXODWHLQWKH
VXUIDFHRIWKHURFN'DUYLOOHWDO4XDQWLI\LQJWKHUHODWLYH
DPRXQW RI WKHVH LVRWRSHV FDQ EH XVHG WR HVWDEOLVK KRZ ORQJ D
URFN¶V VXUIDFH KDV EHHQ H[SRVHG WR WKH DWPRVSKHUH 6XIILFLHQW
JODFLDOHURVLRQFDQUHPRYHWKHVXUIDFHOD\HUZKHUHWKHLVRWRSHV
DFFXPXODWH HIIHFWLYHO\ UHVHWWLQJ WKH URFN¶V H[SRVXUH FORFN WR
WKH WLPHZKHQ WKH LFHHURGHG LW %DOFR7KLVPHWKRGRI
GDWLQJJODFLHUEHKDYLRXU WHUPHGµFRVPRJHQLFLVRWRSHH[SRVXUH
GDWLQJ¶KDVEHHQXVHGVXFFHVVIXOO\DFURVV WKHJOREHWRGDWHWKH
H[WHQWDQGWKLFNQHVVRIIRUPHULFHVKHHWVDQGJODFLHUVLQFOXGLQJ
H[WHQVLYHO\LQ*UHHQODQGHJ5REHUWVHWDO%HU\OOLXP
%HLV WKHPRVWFRPPRQFRVPRJHQLFQXFOLGHXVHGLQJODFLDO
JHRPRUSKRORJ\IRUGDWLQJJODFLDO IOXFWXDWLRQVRYHU4XDWHUQDU\
WLPHVFDOHV DSSUR[LPDWHO\ WKH ODVW  PLOOLRQ \HDUV DQG LV
SURGXFHGE\QXFOHRQLFVSDOODWLRQLQTXDUW]%DOFR
7ZHQW\RQH NJ VDPSOHV ZHUH FROOHFWHG IURP FDUHIXOO\
VHOHFWHGJODFLDOHUUDWLFVRIYDULRXVOLWKRORJLHVVHH7DEOH)LJ
DQG)LJIRUORFDWLRQVXVLQJDKDPPHUDQGFKLVHODVZHOODVD
VPDOODQJOHJULQGHU6DPSOLQJZDVOLPLWHGWRHUUDWLFVEHFDXVHWKH
YDVWPDMRULW\RIH[SRVHGEHGURFNZDVTXDUW]IUHHOLPHVWRQHDQG
GRORVWRQH+LJJLQV(UUDWLFVZHUHVHOHFWHGEDVHGRQWKHLU
VL]H URXQGLQJ HYLGHQFH RI VXEJODFLDO WUDQVSRUW SURPLQHQFH
UHODWLYHWRWKHLUVXUURXQGLQJVWRPLQLPLVHWKHVKLHOGLQJHIIHFW
RIVQRZFRYHUDQGDQDVVHVVPHQWRI WKHLU ORQJWHUPVWDELOLW\
UHODWLYHO\IODWJURXQGIDUIURPVWHHSVORSHVPLQLPDOHYLGHQFHRI
SHULJODFLDODFWLYLW\DQGSRVWGHSRVLWLRQDOHURVLRQ'DUYLOOHWDO
6DPSOLQJZDVFDUULHGRXWGXULQJVHYHUDOKHOLFRSWHUWULSV
DVZHOODVVRUWLHVRQIRRWIURPWKHFDPSVLWHVLQDWULEXWDU\YDOOH\
RI *URWWHGDO DQG RQ WKH ZHVWHUQ IODQN RI 6NDOOLQJHQ )LJ
8VHRIDKHOLFRSWHUZDVDOVRUHTXLUHGWRHQDEOHVDPSOLQJRIVLWHV
EH\RQG ODUJH JODFLDO PHOWZDWHU ULYHUV WKDW ZHUH LPSRVVLEOH WR
FURVVRQIRRW$WHDFKVLWHWKHHOHYDWLRQDQJOHRIWKHVXUURXQGLQJ
KRUL]RQ DW UHJXODU D]LPXWK LQFUHPHQWV ZDV DOVR UHFRUGHG WR
HVWLPDWHWRSRJUDSKLFVKLHOGLQJIURPFRVPLFUD\V'DUYLOOHWDO
5HVXOWVIURPWKHVHVDPSOHVZLOOIRUPWKHEDVLVRIDODWHU
SDSHU VR WKLV UHSRUW VLPSO\GHVFULEHV WKHLU ORFDWLRQ OLWKRORJ\
DQGJHRPRUSKRORJLFDOFRQWH[WDQGSUHVHQWVDGGLWLRQDOHYLGHQFH
RI IRUPHU LFH FRYHU 8QIRUWXQDWHO\ QR VDPSOHV VXLWDEOH IRU
RSWLFDOO\VWLPXODWHGOXPLQHVFHQFHGDWLQJFRXOGEHLGHQWLILHG5HVXOWV
7KH SUHOLPLQDU\ JHRPRUSKRORJLFDO PDSSLQJ UHYHDOHG PDQ\
UHODWLYHO\VXEWOHULGJHVFKDQQHOVDQGEUHDNVRIVORSH)LJZKLFK
ZHUHXVHGWRGHOLQHDWHIRUPHULFHPDUJLQV0RUHSURPLQHQWPRUDLQH
ULGJHVZHUHOLPLWHGWRWKHHDVWHUQSDUWRIWKHVWXG\DUHDLQIURQWRI
JODFLHUV GHVFHQGLQJ IURP WKH 3ULQVHVVH &DUROLQH0DWKLOGH$OSHU
OLNHO\ GHOLPLWLQJ WKHLU /LWWOH ,FH$JH PD[LPXP H[WHQW$OWKRXJK
WKLVUHSRUWGRHVQRWSUHVHQWDV\VWHPDWLFFODVVLILFDWLRQRIODQGIRUPV
IURP WKH PDSSLQJ PRUDLQHV SURJODFLDO VSLOOZD\V LFHPDUJLQDO
PHOWZDWHU FKDQQHOV DQG µNDPH¶ WHUUDFHV ZKLFK IRUP E\ IOXYLDO
GHSRVLWLRQEHWZHHQODWHUDOPRUDLQHVDQGYDOOH\VLGHV%HQQLNHDQG
:HLGLFNZHUHREVHUYHGLQWKHILHOG0DQ\RIWKHLFHPDUJLQDO
ODQGIRUPVDUHIRXQGZLWKLQ WKHZLGHJODFLDOO\HURGHGYDOOH\VDQG
WKHVHDUHOLNHO\DVVRFLDWHGZLWKDGYDQFHRIWKHLFHVKHHWDQGJODFLHUV
VSLOOLQJGRZQIURPWKHODUJHULFHFDSVZKLOHRWKHUOHVVSURPLQHQW
IHDWXUHV DUH UHVWULFWHG WR WKHKLJKHU HOHYDWLRQSODWHDXV DQG UHODWH
WRWKHVPDOOHUSODWHDXLFHFDSVZKLFKKDYHRQO\DOLPLWHGFDSDFLW\
IRU ODQGVFDSH DOWHUDWLRQ 6WHHSVLGHG ±PGHHS 9VKDSHG
YDOOH\VWKDWODFNDODUJHHQRXJKFDWFKPHQWWRDFFXPXODWHVXIILFLHQW
ZDWHUWRIRUPULYHUVWRHURGHWKHPHVSHFLDOO\JLYHQWKHFXUUHQWDULG
FRQGLWLRQVZHUHDOVRPDSSHG7KHVHDUHLQWHUSUHWHGDVSURJODFLDO
VSLOOZD\VJODFLRIOXYLDOO\HURGHGYDOOH\VWKDWZHUHIHGE\PHOWZDWHU
IORZLQJ RII LFH PDVVHV RU LFHPDUJLQDO ODNHV$OWKRXJK LW LV QRW
SRVVLEOH IURP WKLV SURYLVLRQDO PDSSLQJ WR JURXS ODQGIRUPV LQWR
IORZVHWVRUWRIRUPFRQVLVWHQWPDUJLQVWRUHSUHVHQWPDMRUSDODHR
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ULGJHWKDWWHUPLQDWHGDWLWVHDVWHUQHQGDWPDVOZLWKDµWRRWK¶
RIVHPLOLWKLILHGVHGLPHQW/DWq/RQJíq)LJV
%DQG&7KLVIHDWXUHZDVDSSUR[LPDWHO\PKLJKPZLGHDQG
P ORQJ ZLWK LWV ORQJD[LV RULHQWHGSDUDOOHOZLWK WKHYDOOH\ DQG
FRPSRVHG RI D PDWUL[VXSSRUWHG SRRUO\VRUWHG GLDPLFWRQ ZKLFK
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GHSRVLWLRQ %HQQLNH DQG :HLGLFN  DQG LFHPDUJLQDO
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